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Esterases as Genetic Markers in Finger Millet 
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Different varieties of finger millet (Eleusine coracana Gaertn.) were screened for 
esterase activity colorimetrically and electrophoretically using 1-naphthyl acetate 
and acetylthiocholine chloride as substrates. The Indian brown seed coat variety 
(Purna), the Indian white seed coat variety (Hamsa), hybrids of these designated as 
HPB (brown) and HPW (white), African varieties (brown) and Indian-African 
hybrid varieties (brown) all exhibited 1-naphthyl acetate hydrolysing activity and 
showed 6,5,6,5,8 and 8 esterolytic bands respectively on gel electrophoresis. The 
white seed coat varieties, both parental (Hamsa) and hybrid (HPW), did not 
possess any acetylthiocholine chloride hydrolysing activity while all the brown seed 
coat varieties did, the African varieties having greater activities than Indian brown 
seed coat varieties. Thus, the demonstrable variation in esterase isozymic pattern 
and cholinester hydrolysing activity with the varieties tested provides a useful 
genetic marker for identifying different varieties of finger millet. 
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1. Introduction 
A major problem facing geneticists. especially plant breeders and seed producers, is to  identify 
easily genetic variations in crop species and cultivars. The classical use of morphological and 
cytological traits for genetic analysis is now being replaced by gel electrophoresis.'.* Using this 
technique successful studies have been carried out in the case of different cultivars of barley and 
oats,' hybrid and selfed individual lucerne (alfalfa) (Medicago sativa L.) seeds4 and species of 
Aegilops and Triticum.' Variation in the electrophoretic patterns of enzymes in general, and 
isozymes in particular, have been used as genetic markers. Among the enzymes, esterases, 
peroxidases and acid phosphatases have been employed.'.' Esterase isozymes have been 
particularly useful for studying genetic variation in Gossypium thurberi, Avena sativa,' Glycine 
max L."' and Oryza sativa L." 
One of the important grains used for human consumption in India and Africa is finger millet 
(Eleusine coracana G.)  known locally as ragi. Different varieties of Indian and African origin 
finger millet and their hybrids are known and are being used extensively. However, good 
morphological markers are generally absent in finger millet. Considerable variation in the 
proteinase inhibitor levels'* and protein content'' of different varieties of finger millet has been 
reported. As there is significant esterase activity in finger millet, the present investigation was 
undertaken to  see if there is variation in the different cultivars of finger millet and if so, to  utilise 
the esterase isozymic patterns to differentiate between the cultivars. The 1-naphthyl acetate and 
acetylthiocholine hydrolysing activities were used to indicate the total esterase and cholinesterase 
levels respectively. The electrophoretic study involved the use of 1-naphthyl acetate as substrate. 
2. Experimental 
2.1. Materials 
2.1.1. Millet samples 
Twenty-one varieties of finger millet were obtained from the germplasm collection at  the Main 
Research Station, University of Agricultural Sciences, Hebbal, Bangalore-560 029, India. These 
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included Indian varieties Hamsa (white seed coat), Purna (brown seed coat), white seed coat and 
brown seed coat hybrids between Hamsa and Purna designated as HPW and HPB respectively, 
African varieties and Indian-African hybrids. All were grown under the same agroclimatic 
conditions in the same season under standard agronomic practices. 
2.1.2. Chemicals 
Cyanogum 41, a mixture of 95% acrylamide and 5% N,N'-methylene bisacrylamide, was 
purchased from B D H ,  Poole, England. Dimethyl aminopropionitrile (DMAPN) was obtained 
from American Cyanamide Co, Wayne, NJ, USA. 1-Naphthyl acetate, acetylthiocholine 
chloride, Fast blue RR, Diazo blue-B and DTNB [5.5 dithiobis-(2-nitrobenzoic acid)] were from 
Sigma Chemical Co, St Louis, MO, USA. All other chemicals used were of analytical grade. 
2.2. Methods 
2.2.1. Extraction 
The dehusked dry finger millet was ground to a fine powder in a blender. The whole seed flour 
was defatted by stirring with 10 volumes of acetone at 0°C for 4 h and filtered under suction. The 
defatted flour was dried at room temperature (28°C) and ground to a fine powder again. This 
flour was stirred with 0 . 1 ~  sodium phosphate buffer (pH7) for 3 h  at 4°C using a flour to buffer 
ratio of 1:10 (wt to  vol.). The extract was then centrifuged at l000Xg for 30 min at 0°C in a 
Janetzki (model K 70) refrigerated centrifuge. The clear supernatant was dialysed against 0 . 0 1 ~  
sodium phosphate buffer (pH7) in the cold and used for the estimation of esterase activity. 
2.2.2. Esteruse assay using I-naphthyl acetate 
Esterase activity was measured quantitatively by G ~ m o r i ' s ' ~  colorimetric method as modified by 
van Asperen.'' A 3~ 1 0 - 4 ~  sollution of I-naphthyl acetate was prepared by dissolving the 
compound in acetone and diluting it with 0 .034~  sodium phosphate buffer, p H  7. A 5 ml aliquot 
of the substrate solution and 1 m l  of appropriately diluted enzyme solution were incubated at 
28°C for 30 min and the reaction was arrested by the addition of l m l  of DBLS reagent [5% 
sodium lauryl sulphate and 1% Diazo blue B (0-anisidine tetrazotised mixed in the ratio of 
5:2)]. The reaction mixture was allowed to  stand for 15 min in order to allow the red colour 
initially formed to change to  a stable green colour. The absorbance was measured at 600nm with 
a Carl Zeiss Spekol spectrophotometer against a blank containing heated enzyme. A calibration 
curve was prepared using 1-naphthol. 
2.2.3. Cholinesterase assay 
Cholinesterase activity was measured photometrically by the method of Ellman et al., l6 using 
acetylthiocholine chloride as substrate. The reaction mixture contained 3 ml of 0 . 1 ~  phosphate 
buffer (pH8),  2 0 ~ 1  of 0 . 0 7 5 ~  acetylthiocholine chloride, 10Opl of DTNB reagent ( 0 . 0 1 ~  DTNB 
in 0 . 1 ~  phosphate buffer, p H 7 ,  containing 15mg of NaHC03 10ml-' of buffer) and 50pl of 
suitably diluted enzyme. The blank contained buffer substrate, DTNB and heated enzyme. The 
mixture was incubated for 10 min at 28°C and the absorbance was measured at 412 nm. Activity 
was calculated as nmol of acetylthiocholine hydrolysed min-' based on 1.36X 104mol-1cm-' for 
the molar extinction coefficient of the yellow anion (2-nitro-5-thio-benzoate) formed during the 
reaction. 
2.2.4. Electrophoresis 
Disc electrophoresis was performed essentially according to Orstein17 and Davis. l8 A discon- 
tinuous gel system consisting of a 7.5% lower gel and a 3.125% spacer gel was used. The lower 
gel, consisted of tris-hydrochloric acid buffer pH8.9,  Cyanogum 41 and DMAPN while the 
spacer gel had tris-phosphate buffer, p H  6.7, Cyanogum 41 and riboflavin. The electrode 
chambers were filled with electrode buffer (0.03111 boric acid-O.IMNaOH, pH8.7). The enzyme 
sample suitably diluted with 20% sucrose solution containing bromophenol blue was carefully 
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layered on to each gel and subjected to  electrophoresis at 4°C imposing a current of 2 m A  per 
tube for 2 h. 
Esterase activity was detected by the technique of Hunter and Markert.” The gels were 
removed from the tubes and placed in 100ml of 0 . 1 ~  sodium phosphate buffer, p H 7 ,  containing 
20mg of I-naphthyl acetate in 2ml  of acetone and 40mg Fast blue RR for 15 min at 37°C. 
3. Results 
3.1. Esterase activity 
The total esterase activity measured with 1-naphthyl acetate as substrate in the dormant seeds of 
different varieties of finger millet is shown in Table 1.  The varieties were grouped on the basis of 
their origin into three groups-Indian, African and Indian-African hybrids. All the varieties 
tested exhibited esterase activity. Among the Indian varieties, Purna exhibited the highest 
hydrolysing activity whereas HPW 83-4 had the lowest activity. Analysis of the data showed that 
the differences in the I-naphthyl ester hydrolysing activity between the varieties when grouped 
according to their origin are not statistically significant. On the other hand, when the varieties 
were grouped on the basis of seed coat colour (Table 2), it was found that the difference in the 
1-naphthyl acetate hydrolysing activity was statistically significant, and higher in brown seed coat 
than in white seed coat varieties. 
Table 1 .  Esterolytic activity in finger millet 
Variety Seed colour NAHA“ g ‘ flour ATCCIIAh g-l flour 
A Indian 
1 Purna 
2 HPB 23-6 
3 HPB 7-6 
4 HPB 20-5 
5 Cauvery 
6 Hulluhele 
7 EC 4840 
8 H 2 2  
9 R O H 2  
10 Hamsa 
11 HPW 83-4 
12 HPW 27-4 
13 ECWH 854 
Mean 
B African 
14 HES-921 
15 HES-929 
16 IE-974 
11 IE-975 
Mean 
C Indian x African 
18 Indaf-1 
19 Indaf-5 
21 TAH 85-1 
Mean 
20 TAH 65-7 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
Brown 
White 
White 
White 
White 
Brown 
Brown 
Brown 
Brown 
B r o w  
Brown 
Brown 
Brown 
225 
125 
112 
132 
I83 
175 
217 
208 
195 
71 
64 
92 
110 
146 85 
172 
162 
I92 
202 
182 
169 
158 
170 
130 
156.75 
20 
11 
09 
13 
1x 
16 
21 
19 
15 
0 
0 
0 
0 
10.92 
45 
36 
57 
63 
50.25 
32 
29 
40 
27 
32.0 
“NAHA=a-naphthyl acetate hydrolysing activity. ’ ATCCHA=acetylthiocholine chloride hydrolysing activity 
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Variety N A H A ~  g-1 flour ATCCHA~ g-' flour 
~~~~ 
A Brown Aeed cout 
1 Purna 
3 HPB 7-6 
4 HPB 20-5 
5 Cauvery 
6 Hullubele 
7 EC-4840 
8 H-22 
2 HPB 23-6 
9 ROH-2 
10 HRS-927 
11 HES-929 
12 IE-974 
13 1E-975 
14 Indaf-1 
15 Indaf-5 
16 TAH 65-7 
17 TAH 85-1 
Mean 
225 
125 
112 
132 
183 
175 
217 
208 
195 
172 
162 
192 
202 
169 
158 
170 
I30 
172.17 
20 
I1 
9 
13 
18 
16 
21 
19 
15 
45 
36 
57 
63 
32 
29 
40 
21 
27.70 
B White seed coat 
18 Hamsa 71 0 
19 HPW 83-4 64 0 
20 HPW 21-4 92 0 
21 ECW 854 110 0 
Mean 84.25 
- 
"NAHA=a-naphthyl acctatc hydrolysing activity. 
'ATCCHA=acetyIthiocholine chloride hydrolysing activity 
Cholinesterase activity determined with acetylthiocholine chloride as substrate is summarised 
in Table 1. It can be seen that white seed coat varieties did not show cholinesterase activity 
(Table 2). Among brown seed coat varieties, the African varieties showed greater activity than 
the Indian varieties. Unlike 1-naphthyl acetate hydrolysing activity, there was statistically 
significant difference in cholinesterase activity when grouped according to  their origin. 
Indian brown 
Purna Cau4 Hullu4 EC- 
very bele 4840 
A 
Figure 1. A,  cstcrase zymograms of Indian brown 
Purna hybrids of brown seed coat (HPB). Solid 
intensities. 
H -  
22 
seed coat 
, hatched 
Pur na x Hamsa 
(brown) 
RO H HPB HPB HPB 
- 2  2 3 4  7-6 20-5 
B 
varieties of finger millet. 8, esterase zymograms of Hamsa and 
and stippled bands represent arbitrary scale of decreasing 
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Indian white 
Purna x Hamsa 
( white) 
Figure 2. A, esterase zymograms of 
Indian white seed coat varieties of 
finger millet. B, esterase zyrnogrsms 
of Hamsa and Puma hybrids of white 
seed coat (HPW). 
Hamsa ECA 
854 
A 
HPW HPW 
83-4 27-4 
0 
3.2. Electrophoresis 
The esterase zymograms obtained for different finger millet varieties are shown in Figures 1 to 3. 
A total of eight esterolytic bands were observed considering all the varieties tested. The Indian 
varieties exhibited a maximum of six esterolytic bands while the African varieties showed eight 
bands. The bands designated 7 and 8 were not seen in any of the Indian varieties tested. 
Among the Indian varieties, all the brown seed coat varieties showed six bands (Figure l), 
whereas the white seed coat varieties showed only five bands with esterase band 3 being absent 
(Figure 2 ) .  The Indian hybrid varieties showed a similar pattern. The HPB series exhibited 
esterolytic patterns identical to those of the parent Purna variety, while the HPW series showed 
esterase zymograms similar to those of the parent Hamsa variety. On the other hand, the 
Indian-African hybrid lines and the African varieties showed an identical esterase pattern with 
two extra bands (Figure 3). It is significant that none of the Indian-African hybrid lines had 
esterolytic patterns similar to those of the Indian varieties. Of the esterolytic bands, five bands 
African varieties Indian x African 
I 
2 
HES H ES I E  IE 
927 929 974 975 
INDAF INDAF TAH TAH 
I 5 65-7 85-1 
A 0 
Figure 3. A, esterase zymograms of African varieties of finger millet. B, esterase zymograms of Indian and African hybrid 
varieties of finger millet. 
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corresponding to 1, 2 ,  4, 5 and 6 were monomorphic, i.e. they were present in all the varieties 
tested. The other three bands were polymorphic in that they were present in some varieties and 
absent in others. 
4. Discussion 
Variation in the electrophoretic patterns of parent and hybrid varieties have been observed in 
many species. Analyses of such variation can give valuable information regarding the genetic 
make up of the individuals under investigation. A comparative electrophoretic study of esterase 
and peroxidase enzymes from the leaves of parental and hybrid strains of Brassicoruphanus 
revealed that the pattern observed in the hybrids is a summation of the parent derived bands, but 
with some parental bands missing and with the addition of some new bands.’” In contrast, 
Vaughan et al.” found that all the bands appearing in the hybrids of Brassica napus were present 
in one of the parents. Mendelian pattern of inheritance was shown by esterase isozymes in Scots 
pine” and Norway spruce.’’ 
In the present investigation, the results are in comformity with the above reports. The esterase 
isozymic patterns indicate a clear distinction between Indian and African brown seed coat 
varieties, the esterolytic bands marked as 7 and 8 being present only in African varieties (Figures 
1 and 3), even though both have the same seed coat colour. As all the varieties of finger millet 
were grown under the same agroclimatic conditions, the occurrence of bands 7 and 8 only in 
African brown seed coat varieties can be attributed to the genotype of these varieties and not to 
any differences of climate and husbandry practices. Similar observations indicating wide variation 
in esterase isozyme patterns have been made with Oryza sativa L.” However, there is no 
statistically significant difference in the 1-naphthyl acetate hydrolysing activity of the Indian and 
African brown seed coat varieties. 
The total cholinesterase activity of the African varieties is considerably greater than that of the 
Indian brown seed coat varieties and the difference is statistically significant (Table 1). Taken in 
conjunction with the zymogram pattern, it is likely that the esterolytic bands 7 and 8 present in 
African brown seed coat varieties correspond to cholinester hydrolysing enzymes. However, 
confirmation of such a conclusion requires further study utilising the substrate and inhibitor 
specificities of cholinesterases. 
Among the hybrids tested, it is seen that the homogeneity of one of the parental characters is 
maintained with regard to  esterase bands. The two series of hybrids, HPB-brown seed coat and 
HPW-white seed coat. had esterase isozymic patterns identical to their Purna (brown) and 
Hamsa (white) parents respectively. This indicates that the hybrid varieties are related both 
phenotypically and genotypically to only one of the parents used. This is also observed in the 
case of African-Indian hybrids. 
There is also a noticeable difference in the 1-naphthyl acetate and acetylthiocholine chloride 
hydrolysing activities of Indian brown and white seed coat varieties. The 1-naphthyl acetate 
hydrolysing activity of the white seed coat variety is lower than that of the brown seed coat 
variety which also exhibited six esterolytic bands as against five shown by the former. The white 
seed coat variety had no acetylthiocholine chloride hydrolysing activity while the brown seed coat 
variety had such activity. It is likely that band 3 which is absent in the Indian white seed coat 
variety is also associated with cholinester hydrolysing activity. 
The results of this investigation have shown the practical utility of using esterase patterns to 
identify different varieties of finger millet. The presence or absence of specific esterase bandsior 
the cholinester hydrolysing activity could be used as the criteria for identifying cultivars. Thus, 
esterases are very useful genetic markers in finger millet. 
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